Abstract: Enzootic pneumonia (EP) is responsible for considerable economic losses in pig production. This study analyses temporal variations of pneumonic lesions present in slaughtered finishing pigs utilising a novel analytical tool -STL decomposition. Using data collected over a 6-year period starting in July 2005, time-series analyses were conducted to identify trend and the presence of seasonal variations to support industry led measures to monitor and control this important respiratory disease. In England, the BPEX Pig Health Scheme monitors the occurrence of EP in slaughtered finished pigs by identifying its gross pathology, enzootic pneumonia-like (EP-like) lesions. For visual analytics, the monthly prevalence for EP-like lesions was modelled using STL, a seasonal-trend decomposition method based on locally-weighted regression. A binomial generalised linear mixed-effects model (GLMM), accounting for clustering at batch level, was used to test the significance of the trend and seasonality. A mean of 12,370 pigs was assessed per month across 12 pig abattoirs over the study period. A trend toward reduction in prevalence of EP-like lesions during the first 3 years of BPHS, followed by an increasing trend, was identified with STL. This feature was consistent with the presence of a statistically significant positive quadratic term ("U" shape) as identified using the GLMM inference model. November and December appeared in the STL explorations as higher seasonal peaks of the occurrence of EP-like lesions. These 2 months had a significantly higher risk of this disease (OR = 1.38, 95% CI: 1.24-1.54 and OR = 1.4, 95% CI: 1.25-1.58, respectively, with July taken as baseline). The results were reported back to the pig industry as part of the national monitoring investigations. 
increased production costs due to medication (Straw et al., 1989; Thacker, 2006) . Since 2005 the BPEX Pig Health Scheme (BPHS) has monitored the occurrence of respiratory gross pathology in pigs slaughtered in England's main pig abattoirs. On a regular basis, swine veterinarians carry out detailed post-mortem examinations in parallel to the routine official food-safety meat inspections. BPHS offers consistent monitoring of the occurrence of EP-like lesions, which is used by the pig industry to evaluate the behaviour of national trends and to promote strategies leading to health recommendations aimed at addressing increasing trends, or to confirm favourable situations when the level of a disease is diminishing.
Understanding the temporal patterns of a disease is an essential step in learning about its epidemiology. Time-series analyses aim to provide a concise description of data correlated through time -serial correlation. Exploratory methods and graphical representations are integral to understanding the complexity of serially correlated data (Diggle, 1990) . This is particularly true where the sample is equivalent to the population or a large sample size is available (where, for most practical purposes, the sample behaves approximately equal to the population), in which statistical inference is secondary in favour of descriptive methods. In this respect BPHS, with six years of consistent monitoring in English abattoirs, offers a unique opportunity to explore An exploratory method well-established in other fields is a seasonal-trend decomposition based on locally-weighted regression (loess) widely known as "STL" (Cleveland et al., 1990; Hafen et al., 2009) . The STL method is straightforward to use, allows for flexibility in specifying the amount of variation in the trend and seasonal components of timeseries, and produces robust estimates that are not distorted by transient outliers (Cleveland et al., 1990) . In particular STL offers excellent data visualization -visual analytics - (Hafen et al., 2009) . STL has been widely used in several disciplines including environmental science, ecology, epidemiology and public-health (Cleveland et al., 1990; Chaloupka, 2001; Silawan et al., 2008; Hafen et al., 2009 ). observations for a particular month across the six years (e.g. all the values for July, all the values for August, and so on).
Visual analytics, STL.
STL was utilized to model the EP-like lesions time-series of monthly prevalences. STL is a filtering procedure for decomposing a time-series into additive components of variation (trend, seasonality and the remainder) by the application of loess smoothing models (Cleveland et al., 1990; Chaloupka, 2001) . Six parameters determine the degree of smoothing in the trend and seasonal components (Cleveland et al., 1990 ):
• n p -the number of observations in each seasonal cycle.
• n i -the number of loess smoothing iterations to update the trend and seasonal components (usually set to equal one or two).
• n o -the number of robustness iterations. With a value of zero no robustness iteration is applied whilst values of one or more apply increasing robustness, particularly above 5. This parameter is chosen in combination with n i .
• n l -the span of the loess window for each subseries; it is recommended to use the next odd number to n p .
• n s -the span of loess window for seasonal extraction. Low values (e.g. from 7 to 10) favour the use of local data while higher • n t -the span of the loess window for trend extraction, typically
The adequacy of the model fit was assessed by four graphical diagnostic methods: (1) the decomposition plot; (2) the trenddiagnostic plot; (3) the seasonal cycle subseries plot; and (4) The mean number of pigs assessed per month was 12,370 pigs (95% CI: 11, 947) , with a mean of 290 batches (95% CI: 276 -304).
Of those, the monthly mean number of pigs from BPHS members was 7,086 pigs (95% CI: 6,692 -7,480) with a mean of 159 batches (95% CI: 150 -168). A total of 252,941 pigs (from 18,387 batches) was affected with EP-like lesions across the whole study period which represent 28.4% of the total pigs inspected (28.7% of the members and 27.9% of non-members).
Results from the STL explorations.
Three of the parameters, n s , n i and n o , required tuning through the use of the graphical diagnostic methods. For n s 7 months was chosen, for n i and n o a robust option was chosen being 1 and 5 respectively. The other three parameters were predefined following the recommendations from Cleveland et al. (1990) , being n p =12 months, n l =13 months and n t =23 months.
The STL fitted trend was observed in the decomposition plot ( The STL seasonal component observed in the decomposition plot (Fig.   2b ) suggests an increase of EP-like lesions in November-December, and a main drop in July. It also shows variation across years, with the seasonality being more marked over the last three seasonal cycles for most of the months. This interannual variation is more obvious in the seasonal cycle subseries plot (Fig. 4) , where particularly for July and The results from this study were fed back to the industry board, whose role it is to inform field veterinarians and producers of the current situation.
This STL investigation chose a small value to define the span of loess with that reported in most of the previous studies (Elbers et al., 1992; Stark, 2000) and that which has been observed in the syndromic surveillance of English growers and weaners (NADIS, 2008) . Given that the life-span of EP lesions is at least two months, and that it could be detected as early as two weeks after infection (Caswell and Williams, 2007) , the November-December peaks may be reflecting farm challenges occurring across the whole autumn (from September to 2   493  494  495  496  497  498  499  500  501  502  503  504  505  506  507  508  509  510  511  512  513  514  515  516  517  518  519  520  521  522  523  524  525  526  527  528  529  530  531  532  533  534  535  536  537  538 vertical axis represent the proportion of pigs affected with EP-like lesions. 
